INTRODUCTION
The acidification of endosomes, lysosomes, chromaffin granules and other intracellular organelles in eukaryotic cells is mediated by a vacuolar-type H+-ATPase (V-ATPase) (reviewed in [1, 2] ). V-ATPases consist of a complex of at least nine different subunits distributed between the V1 cytosolic and V0 transmembrane domains [1, 2] . The VI domain is composed of a hexamer of three A subunits (65-77 kDa) and three B subunits (55-60 kDa) which comprise the ATP catalytic site along with accessory subunits of 40, 39 and 33 kDa [1] . The V0 domain is comprised of a hexamer of 16 kDa subunits plus accessory subunits of 10 and 21 kDa. Not only do V-ATPases serve a general function to acidify vacuoles in a wide variety of cells, but they also appear to cycle between secretory vesicles and the plasmra membrane of certain specialized cells where they act as an outwardly directed proton pump transporting hydrogen ions into the extracellular space [3] . Thus V-ATPases have been found to be densely clustered on the plasma membranes of specialized proton-secreting cells such as the renal intercalated cell [4, 51 , apical cells of the epididymis [6] , placental cells [7] , osteoclasts [8] [9] [10] [11] and the midgut goblet cell of the tobacco hornworm (Manduca sexta) larva [12] . Since intracellular organelles and plasma-membrane-located V-ATPases exhibit distinct properties [4, 10] , one possible mechanism for generating such diversity in function might arise from V-ATPases assembled with isoforms of one or more subunits [13] .
Consistent with this idea, two subtypes of subunit A have been cloned from an osteoclastoma tumour, a tissue rich in osteoclasts. The tissue distribution of these subunit A isoforms suggests there are ubiquitous and tissue-specific isoforms [14] . Similarly, several cDNAs coding for isoforms of subunit B have been identified in human brain [15, 16] and kidney [17] , as well as in bovine brain and kidney [16, 18] . Moreover, an anlaysis by two-dimensional gel electrophoresis and functional analysis of purified enzyme from kidney microsomes and apical membrane showed microspecifically expressed at high levels only in kidney and, at a lower level, in placenta. Thus the H057 isoform is integral to the vacuolar ATPase found in the general secretory system of all cells as well as in vacuolar-ATPase-rich sources such as neurones and osteoclasts, whereas both the kidney-specific isoform and H057 are highly expressed in the kidney. Furthermore, we show by in situ hybridization that H057 is the only isoform that is exclusively and highly expressed by osteoclasts. heterogeneities in subunit B, which are reflected in different biochemical properties [4] .
V-ATPase has also been implicated in bone metabolism. The ruffled border of resorbing osteoclasts contains a V-ATPase which pumps protons into the subcellular lacunae, thus facilitating bone resorption [8] [9] [10] [11] . To understand the role of VATPase in osteoclasts we have undertaken a detailed study of V-ATPase subunits via cloning of subunit cDNAs from human osteoclastoma tumour, which is rich in osteoclast cells [19, 20] . Here we describe the cloning and characterization of H057, a cDNA clone for a subunit B isoform highly expressed in brain, kidney, and osteoclastoma tumour. We find that only two isoforms of subunit B exist and show that H057 is the only isoform highly expressed in osteoclasts. EXPERIMENTAL Starting material, mRNA and cDNA preparation For RNA extraction a small sample of a human osteoclastoma tumour (weighing approx. g), which was frozen immediately in liquid nitrogen, following surgery, was used. Several small samples of human fetal tissues were also obtained and processed similarly. Total RNA was isolated by the acid/phenol procedure [21] and polyadenylated [poly(A)+] RNA purification by oligo(dT)-cellulose chromatography [22] . Osteoclastoma mRNA (10 ,ug) [15] , the fungus Neurospora crassa [23] and the flowering plant Arabidopsis thaliana [24] . Primer B3002 [5 cDNA-library construction, cDNA cloning and sequence analysis mRNA (10 ,ug) extracted from a human osteoclastoma tumour was retrotranscribed into cDNA by the method of Gubler and Hoffman [26] using Moloney-murine-leukaemia-virus reverse transcriptase (Gibco). The cDNA was then modified for cloning into the unique EcoRI site of the phage vector Agtl 1, resulting in a cDNA library of 5 x 105 independent phages which was amplified according to standard procedures [22] . Phages (5 x 105) from the human osteoclastoma cDNA library were screened with random-prime-labelled (Boehringer-Mannheim) F890 and F 1300 probes. Positive phages were purified by a further three or four rounds of screening. The EcoRI inserts of positive A clones were excised and subcloned into the plasmid vector pBluescript/KS' (Stratagene). Both strands of three cDNA clones were fully sequenced, using the 70700 Sequenase version 1.0 DNA sequencing kit (USB) [22] .
Northern-blot analysis Samples of mRNA (2 ,ug) were electrophoresed through a 0.8 % agarose/3.7°' formaldehyde gel [14] and blotted on to Zetabind membranes (Cuno) according to the protocol of the manufacturer. The Northern-blot membrane was prehybridized in 40% formamide, 5 x SSC (1 x SSC is 0.15 M NaCl/0.015 M sodium citrate), 1 0°SDS, 200 ,tg/ml salmon sperm DNA, 200 ,ug/ml tRNA, 10 (Miles) . Cryostat sections (10 ,tm thick) were placed on 3-aminopropyltriethoxysilanetreated slides [29] and stored at -70 'C. Prior to hybridization with RNA probes, the sections were dried for 5 min with 0.2 M HCI at room temperature, treated for 30 min with 2 x SSC at 70 'C, dehydrated with increasing concentrations of ethanol (65, 85, 95 and 100 %) and finally air-dried. All solutions were treated with 0.1 % diethyl pyrocarbonate and autoclaved where appropriate.
Preparation of probes PCR-generated fragments specific to H057 cDNA, between nucleotides 514 and 1381, and to K57 cDNA, between nucleotides 519 and 1387 [17] 
RESULTS

Cloning of subunit B cDNAs
To obtain a DNA probe corresponding to the transcript of the subunit B gene of the V-ATPase expressed in human osteoclastoma two PCR primers, B1703 and B2593, were designed based on stretches of nucleotide sequences highly conserved between the subunit B cDNAs isolated from human kidney [17] and brain tissues [15] , N. crassa [23] and A. thaliana [24] [15] , and 76% homologous to a kidney isoform (K57) [17] . This indicates the existence of several subtypes of cDNA coding for subunit B. In order to study the K57 isoform of subunit B, a fragment of the cDNA coding for the K57 isoform of subunit B was generated by PCR amplification of human fetal kidney cDNA. One oligonucleotide primer, B3002, is specific to the K57 isoform cDNA [17] , and B1703 is common to both H057 and K57 isoform cDNAs. These yielded a PCR fragment of 1300bp (F1300) that was identical with K57 cDNA.
Tissue distribution of subunit B isoforms
To establish that several isoforms of subunit B exist, the tissuespecific distribution of H057 and K57 in human osteoclastoma and other tissues was examined by Northern blotting. The probe for the K57 subtype identified a single band of 2.0 kb strongly expressed in kidney, and more weakly in placenta (Figure 2a) . By contrast, H057 identified a major band of approx. 2.6-3 kb in all tissues and a weak band of 1.6 kb (Figure 2b) , consistent with the same pattern from osteoclastoma ( Figure 1) . Interestingly, the bovine mRNAs for brain and kidney subunit B isoforms have ioentical transcript sizes of 3.0 kb [16] . The level of expression of each subunit-B isoform was then determined relative to that of ,-actin control mRNA (Figure 2c ) by scanning densitometry and expressed as a ratio (Table 1 ). This revealed that the H057 subunit B was expressed at a basal level in all tissues, even those not enriched in V-ATPase and was highly expressed in both kidney and brain, tissues which contain cells with specialized structures enriched in V-ATPases [2, 16] . Moreover, H057 expression in osteoclastoma was at least 6-fold higher than in kidney and brain and probably corresponds to the higher number of osteoclasts found in this tumour (Table 1) . Since Northern brain isoforms, it was impossible to obtain PCR products for the partial brain subunit B isoform (results not shown). To address this questionwe then performed RNase A protection experiments with probes specific for the divergent 5'-end of each isoform. This confirmed that the K57 isoform was expressed in kidney whereas H057 was express'ed in all tissues tested (results not shown); Hence, these experiments corroborated the Northern data and were consistent with a specific isoform in the kidney (K57) and an ubiquitously expressed isoform (H057) which appears to be the major isotype in osteoclastoma. As these analyses were underway, the full sequence for the human brain isoform was published [16] . Comparison of this sequence with the human brain partial cDNA and H057 revealed that the full-length sequence from human brain was identical with that of H057, except for the 223 bp longer 3'-untranslated region in the H057 cDNA. The full brain sequence also differed by 50% from the partial brain cDNA [15] .
In situ hybridization The limitation of Ndrthern blots is the inability to determine the distribution of mRNA-isoforms within, a heterogeneous population of cells such as found in osteoclastoma tumour. To clearly identify whether the osteoclast is the cell type expressing high levels of H057 'in osteoclastoma and also bone tissue, we performed in situ'hybridization experiments on osteoclastoma and mouse embryo sections., Sense and antisense RNA probes spanning the same region in K57 and H057 isoforms were used in the hybridizations to' human osteoclastoma tumour. The specific antisense probe for the H057 isoform showed high levels of subunit B transcripts only in the large multinuclear osteoclast cells, while the surrounding mononuclear stromal cells exhibited signals at background levels (Figures 3a and 3b) . The antisense probe for K57 (Figures 3c and 3d ) and the sense probe for H057 isoform (Figures 3e and 3f) (Figures 4a and 4b ) and in the developing tubule network of the kidney (Figures 4c and 4d) , namely those tissues enriched in V-ATPases. Furthermore, high levels of H057 transcripts were detected in the large cells within the vertebrae (Figures 5a and 5b) i.e., the apical plasma membrane of renal intercalated cells [16, 30] and chromaffin granules in presynaptic cells [2] . Given 
